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@ Surgical stapler safety and sequencing mecftanlsms. 

@ A surgical stapling Instnjment Is provided having safety 
and sequencing features to mandate proper operation of the 
instrument during surgical damping and stapling of tissue. The 
Instrument Is powered by pressurized gas, and includes a 
manual oontrol for supplying gas to a damping mechanism In 
the stapler head and a tr^iger for eduatlng a stapOng 
mechanism therda The Instrument prevents actuation off the 
trigger untH the tissue has been damped. The trigger may not 
be actuated to Implant staples until a trigger safety has been 
actuated. FoQowhg actuation of the stapling mechanism^ the 
instrumem Is either autonraticafly reset to Ra Initial condition, or 
may require manual oontrd by the user to restore the damping 
and stapling mechanisms to their InMal conditions. The 
Instrument affords oonrect sequencing of operation and 
prevents inadvertent stapling. 
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Descripiioii 



8URQICAL OTAPLER SAFETY AND 8EQUENCINQ MECHANISMS 



This iiwention relates to surgical staplers for 
Implanting mechanical surgical ftoteners In the 
tissue of a paHent and, in particular, to surgical 5 
staplers which are powered Isy pressure regulated 



Surgical staplers which implant surgical fasteners 
using the force of pressurized gas are known In the 
art, and are described in United States patents 10 
numbers 3,837,555; 3,836,116; 3,815,476; 3.717,294; 
3,662.939; 3,643.851; 3.618,842; 3.613,507; 
4.407,432; 4/!|39,028; and 4.331^77. among others, 
in the instruments shown In these patents, a cylinder 
of pressurized gas Is contained in the handle of the IS 
instalment Gas from the cylinder is conducted to a 
power unit at the rear of the handle, where the 
pressurized gas is applied to the proximal end of a 
mechanical INcage arrangement. The mechanical 
Rnkage Is connected to a steiple cartridge at the 20 
distal end of the instrument When the trigger on the 
handle is depressed, pressurized gas actuates the 
mechanical linkage to implant a staple from the 
distally located cartridge. 

All of the instruments shown In the above patents 25 
deliver a single staple upon each actuation of the 
instrument It would be desirable for a pneumatic 
stapler to Implant several staples at each actuation 
of the instrument, such as is perfonned by the linear 
stapler shown In U,a Patent 4.627,724. The Instnj- 30 
ment of this invention Is capable of Implanting one or 
more rows of staples upon each actuatkm of the 
instrument 

In the operation of a pressurized gas stapler. It is 
desirable for the sequence of operation to be simple 35 
and safe. In particular, it is desirable for the stapler to 
be operable only if the user foHovim a mandated 
sequence of operations. These operations shouki 
prevent inadvertent actuation of the stapler unless 
the user afRnnatively controls the Irtstrinnent to 40 
perform the desired actuatlpn. For Instance, the first 
procedure in a stapling procedure Is generally to 
clamp or clinch the tissue to be stapled wHhm the 
stapling mechanism. As the user is locating the 
tissue within the mechanism, the ability of the 45 
instrument to clamp the tissue should be inhibited. 
Once the tissue is properly located, the Instrument 
should be operable to damp the tissue only after the 
user has affurmatively actuated the stapler to do so. 
During the location and clamping of the tissue, the SO 
ability of the staple to staple the tissue should be 
inhibited. 

Once the tissue has been clamped within the 
stapling mechanism, and only after doing so, the 
stapler shouki be operable to staple the tissue. SS 
However, to prevent actuation of the stapling 
mechanism until the user is fidly ready to do so. a 
further safety mechanism should inhibit stapling unti 
the user has affirmatively manipulated the safety 
mechanism to pemilt actuatton of the stapling 60 
mechanism. Following stapling the safety and se- 
quencing mechanisms should immediately return to 
their initial state In prepartion for a subsequent 



stapling procedure. 

Moreover, the stapler should be configured such 
that it Is possible for the user to abort a stapling 
procedure. If a procedure Is Intenrupted the safety 
and sequencing mechanisms shouki automatically 
reset to their preceding or initial state to malfitain the 
safe operatton of the instrument 

In accordance with the principles of the present 
invention, a surgteal stapVng instrument is provided 
whteh empkiys severed sequencing and safety 
mechanisms whksh are operable manually and 
automatically to mandate reliable operatton of the 
instrument. Initially the Instrument is energized with 
pressurized gas. The distribution of this pressurteed 
gas to the clamping and stapling mechanisms of the 
stapler is Inhibited until the user manually activates a 
clamping actuation mechanism. Actuation of the 
stapling mechanism Is inhibited until tissue clamping 
has been performed. Thereafter actuation of the 
stapling mechanism continues to be inhibited untB 
the user manually controls a stapling safety mechan- 
ism. Foltowing completion of the procedure, or 
following arty discontinuance of prepartion for a 
procedure, the safety and sequencing mechanisms 
are appropriately automatically returned to their 
protective states. 

In a second embodiment a manually controlled 
mechanism applies a variably controlled pressure to 
the clamping mechanism. The mechanism must t>e 
advanced to the end of its range of travel before a 
trigger safety mechanism may be operated to enable 
the stapling of the clamped tissue. A trigger locking 
mechanism locks the trigger after stapling to visually 
infomi a user ttiat tiie trigger must be reset prior to 
reuse of tiie instrument Following stapling the 
manually controlled mechanism must be reset to 
unclamp the instrument from the tissue, and removal 
of tiie spent staple cartridge is Inhibited until the 
trigger locking mechanism Is reset 
In ttie drawings: 

FIGURE 1 is a perspective view of a surgk^a 
stapler constructed In accordance with the 
prmc^ of the present Invention; 

RQURE 2 is a cross-sectional view of the 
handle portion of a gas powered surgical 
stapler constructed in accordance wHh tiie 
prindples of ttie present invention; 

FIGURE 3 is a partial plan and cross-sectional 
view of one of ttie safety mechanisms associ- 
ated with the distribution mechanism; 

FIGURES 4a-4c show portions of tiie mech- 
anisms of FIGURE 3 during specific phases of 
the operating sequence of the gas powered 
surgical stapler; 

FIGURE 5 illustrates in cross-section tiie 
handle of a second embodiment of a surgteal 
stapler of the present invention in Its reset 
condition; and 

FIGURE 6 niustrates the handle of FIGURE 6 
after tiie stapler has been actuated; 
FIGURE 7 Is an enlarged cross-sectional view 
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of the check valve of the stapler of RQURE 5; 
and 

FIGURE 8 is an enlarged cross-eectlonal view 
of the prBssure regulator of the atapler of 
RQURES5and6. 

Refemng first to FIGURE 1. a pneumatically 
actuated surgical stapler of the present Invention is 
shown. The stapler Includes three maior compo- 
nents: a handle portion 10, a shaft portion 108, and a 
stapler head 110. The three components are Joined 
at their interconnecting points by pneumatic quiclc- 
disconnect fittings which allow the components to 
be disconnected and interchanged with shafts and 
stapler heads of other configurations. Also located 
at the Joints 20 and 22 are pneumatic rotatable 
unions which allow free rotation of the major 
components of the stapler with respect to each 
other as Indicated by the endows 24 and 26. 
Specifically, the shaft 108 is free to rotate completely 
about its axis at the Joint 20 as indicated by an-ow 24. 
The stapler head 110 is free to rotate greater than 
200" about an axis which is normal to the axis of the 
shaft 108, as Indicated by anrow 26. 

A cylinder of pressurized gas Is biserted Into the 
lower portion 12 of the handle 10 by removing the 
cap 16 and inserting the cylinder into the handle. 
Once the cylinder has been inserted and the cap 16 
tightened, gas from the cylinder is released and 
fjows to a pressure regulator in the iiandle. The 
release of gas from the cylinder arms the stapler and 
causes a button 25 to exterid a short distance out 
idle rear of the handle/indicating to the user that the 
stapler is pressurized. 

The first step in a stapling procedure is to damp 
the tissue to be stapled between the Jaws of the 
. staler head 110. The tissue is located between the 
jaws, and a slide 74 which extends from the rear of 
jthe stapler is depressed. When the sUde Is pressed 
i^blfward, pressurtzed gas Is allowed to flow to ttie 
stapler head through a first gas line to ciamp the 
tissue between the jews of the stapler head. As soon 
as the sfide 74 is released, it sHdes bacic to its 
illustrated extended position by spring force. The 
position of the rearward portion of the stapler head 
after damping Is shown in phantom at IIO' in 
FIGURE 1. Prior to pressing the slide fon^^, gas is 
inhibited from flowing to either the clamping- or 
stapling mechanism in the stapler head. 

Staples in a cartridge 112 may then be driven 
.through the clamped tissue by depressing the 
trigger 84 of the handle. Before the trigger can be 
depressed, however, a trigger safety 78 must be 
moved upward In its slot 80 from the position shown 
in FIGURE 1 and rotated into a fcNrwanj extension 82 
of ttie slot 80. This safety mechanism prevents 
inadvertent piaioement of the staples before the user 
is ready to do so. After the trigger safety 78 has been 
moved up and rotated fonivard the tr^ger may be 
depressed to implant the staples in tlie tissue, either 
by clinching the legs of the staples against an anvil 
114 In tile stapler head 110 or by interlocking the 
legs of the staples with connecting staple receivers 
located in the position of the anvil. As the trigger 84 
Is depressed, the trigger safety Is rotated back to its 
more vertical position and slides downward in slot 80 



by spring force. 

The shaft 108 and stapler head 110 shown In 
FIGURE 1 ere more fully described In concun-entfy 
filed European patent application No. (ETH-741 ), 

6 entitled "PNEUi\4ATiCALLY ACTUATED SURGICAL 
STAPI^ HEAD/ 

A pneumatio pressure regulation and distributkm 
system suitable for the deveiopment of pressure- 
regulated gas for operatior> of the stapler head of 

10 FIGURE 1 Is shown in FIGURES 2 and 3. and in 
various stages of operation in FIGURES 4a'4c. With 
reference to these RGURES and in particular 
FIGURE 2, the handle portion 10 of a gas powered 
stapler of the present invention 1^ shown. The handle 

15 portion 10 Is a subassembly which contains a 
pressurization Indicator 20, a pressure regulator 30, 
a pressure distributton spool 60, and firing sequeno- 
irig mechanism 70. The lower pistol grip section 12 of 
the handle 10 contains a compartment for a 

20 pressurized CO2 gas cylinder 14. The cylinder Is 
inserted intd the pistol grip sectton from the bottom, 
^ and a threaded cap 16 is tightened to secire the 
r cqfllhderiri its compartment As the cap is tightoned, 
a spike 32 of the pressure regulator, shown in detdH 

25 in RGURE 4a, pierces the top of the cylinder to 
release pressurized gas into the stapler. The 
pressurized gas is released at the cylinder pressure 
of approximate^ 800 p.s.L and initially ttie gas 
pressurizes a chamber 34 where the spike 32 is 

30 located. This pressurized gas passes thh3ugh a 
passageway 22 to pressurbatlon indicator The 
pressurization indicator 20 indudes a cylinder 24 
located in a chamber at the rear of the handle and 
sealed in the chamber by an Oning 26. Prior to 

35 pressurization the end 25 of the cylinder is flush with 
the outer surface of the handle, and Is retained In 
this positk)n by the force of a spring 28. The 
pressurized gas overcomes the spring force and 
extends the end 25 of the cylinder a short distance 

40 outside the handle. The circumference of the 
cyl^der is cotored, and tliis colored region becomes 
visible when the cylinder extends outward due to the . 
pressure of the gas. This indteates to the user that 
the stapler is pressurized and is now operable. The 

45 spring force is chosen to overcome inadequate gas 
pressurization as the cylinder empties. For instance, 
v^hen the gas pressure- falls below about 350 p.sJ., 
the spring force will overcome the jQais pressure and 
the end 25 of the pressurization indicator will recede 

50 back into the handle, thereby providing the user with 
an Indication that the gas cylinder must be replaced. 

Pressurized gas also passes through a passage- 
vray 36 to pressure regulator 30. The pressure 
regulator Includes a bail 38, a central cylinder 40 with 

SS 0-ring seals 42, 43 and 44, and a spring 46. A central 
passageway 48 extends through the cylinder 40 and 
connects a lower chamber 47 containing ball 38 with 
an upper chamber 48 above the cylinder 40, When 
the ban 38 Is tocated as shown In RGURE 4a at the 

60 bottom of the lower chamber 47 It Is positioned on a 
valve seat 39 so as to seai the opening of 
passagevmy 36 Into the lower chamber 47. 

When the pressurized gas from the cylinder 14 
begins flowing through passageway 36 the' gas 

65 pressure forces the ball 38 up from Its valve seat 39 
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and the gas starts to fill the lower chamber 47. The 
gas also begins to pass through the central 
passageway 48 and starts to pressurize the upper 
chamber 49. The pressures in the two chambers will 
quicidy equalize, and since the surface area of the 
top of the cylinder 40 and the Interior of passageway 
48 18 much greater than the surfiace area at the 
bottom of the cinder and above the ball, the 
cylinder will be driven downward. The downward 
motion is opposed by the force of the spring 46. 
However* the spring force at this time is not 
sufficient to halt the downward motion of the 
cylinder 40, and the cylinder wiE soon contact the 
ball 38 and press it against Its valve seat 39, thereby 
sealing the passageway 36 and preventing further 
flow of gas Into the lower chamber 47. 

As the cylinder 40 moves downward the volume of 
the upper chamber 49 is increased, and the 
pressurized gas in the two chami^ers expands to fill 
this volume. The downward movement of the 
cylinder 40 wHl move the top of the <^nder and its 
Oring 43 to a position below the Intefrsectlon of a~ 
passagevray 62 With the upper chamber 49. The 
passagevray 52 conducts the gas to pressure 
(fistrlbiJtlon spool 80, at which time the gas expands 
further to fill passageway 52 and volume 64 around 
the spool The effect of this expansion of the gas is 
to lower the gas pressure in the expansion regions 
to an operating pressure of about 250 p.sJ. An 
equUibrium condition is reached wHh thils pressure 
level existing In the upper and lower chambers 49 
and 47, passageways 48 and 62 and the spool 
volume 54. At equilibrium the passageway 36 leading 
to the regulator will remain sealed by the bail 38, 
since the comblnafion of the upward forces of BOO 
p.sj. acting on the ball 38, the 250 p.sJ. pressure 
acting on the bottom of the <^inder 40, and the 
upward force of the spring 46 Is still InsufRdent to 
overcome the downward force of 250 p.s J. acting on 
ttie large surface area of the top of tiie cylinder 40 
and on the interior surfaces of the central passage- 
way 48. 

When the 260 p.sJ. pressure In the volume 54 
around the spool 60 Is released during operation of 
the stapler, the 260 p.s.i. pressure acting on the top 
of tiie cylinder 40 Is removed, and tiie forces of the 
spring 46 and tiie pressure in the ball 38 urge tiie 
cylinder upward. A plug 41 which seals the top of the 
regulator chamber limits tiie extent of upward travel 
of the cylinder 40 as shown In FIGURE 4a. 
Pressurized gas once again begins to flow into the 
lower chamber 47 and the pressure regulation cyde 
repeats. 

The pressure distribution spool 50 provides a 
means for applying pressurized gas at tiie regulated 
pressure to operative parts of tiie stapler during a 
stapling procedure. Pressurized gas is needed 
during two phases of operation. One Is the clamping 
cycle, when tissue b^ stapled Is clamped bet- 
ween tiie Jaws or other opposbig parts of the stapler 
head. The ottier Is tiie stapling cycle, when staples 
are driven through tiie tissue. 

The spool 60 is capable of movement witiiln a 
spool chamber 56. Located around the spool 50 and 
above and below tiie volume 54 are Orings 58 and 



60 as shown in RQURES 4a-4a Extending upward 
from tiie main body of tiie spool Is a stem 62 with a 
locking tab 64 located near tiie top of tiie stem. A 
slide latch 66 la located at tiie end of tiie stem 62. 
Extending downward from the spool body Is a cam 
extension 68. A spring 69 is located In tiie sped 
chamber 56 above tiie main body of tiie spool, and Is 
compressed as tiie spool moves upward In tiie 
chamber 56. 

Interacting witii tiie spool 50 and governing Its 
sequence of operation are two firing sequencing 
mechanisms 70. Intenacting wttii tiie stem 62 Is a 
slide 72 which extends outward from tiie rear of tiie 
handle. The slide is spring-loaded so ttiat when It is 
not latched or behg pressed at its outward end 74, it 
wHI be urged outward as shown In FIQURE 1. 
Interacting witii tiie cam extension 88 of tiie spool Is 
a pivoting trigger safety 76. The trigger safety can be 
manually moved In a safety guide slot 80 and the 
trigger safety 76 can be pivoted from alignment wHh 
the slot 80 to an extension 82 of tiie slot 80 when the 
stapler Is to be fired to implant staples. A spring- 
loaded trigger 84 has a reanward projection 86 which 
opposes the cam extension and trigger safe^ 
mechanisms. 

When tiie spool is located as shown In FtQURE 2, 
a gas pressure of 250 ps,l is confined to the volume 
54 around the spool. When the spool is re^ed so 
that the volume 54 opposes passageway 90 as 
shown In FIGURES 4a and 4b, pressurized gas flows 
from tiie volume 54 to tiie stapler head to damp 
tissue in the head, since passageway 90 leads to tiie 
parallel union 120 and tubing segment 34; When tiie 
spool is raised furtfier so tiiat tiie volume 64 
opposes passageways 90 and 92 as shown in 
RQURE 4c. tiie claniped tissue is stapled by reason 
of pressurized gas flow from the volume 54 through 
passageway ^ and to tiie stapling mechanism by 
way of tiie union 120 and tubing segment 32. 

Initially, the spool cannot be moved In its chamber 
56. This Is because tiie central slot of tiie sOde 72 
through which the stem 62 of the spool extends is 
nanrowed at the end as shown at 73 In FIGURES 2 
and 3. When tiie stem 62 Is positioned at tiie 
narrowed end of tfie slide 72, tiie outward extending 
locking tabs 64 of tiie stem abut agednst tiie bottom 
of tiie slide end. prevent&ig any upward movemjent of 
the spool. The spool cannot move upward until tiie 
outer end 74 of tiie sHde 72 Is depressed, causing 
the nanrowed end 73 to dear the tabs 64 80 tfnt ttie 
tabs are positioned In opposition to the wider central 
slot of tiie slide. Thus, until tiie user affirmatively 
depresses the slide 72. pressurized gas Is Inhibited 
from flowing to either the damping or the stapling 
mechanism in tiie stapler head. 

This safety feature remedns operative until the user 
depresses tiie end 74 of tiie slide. As tiie sUde 72 is 
depressed into tiie handle, the slide latch 66 at tiie 
top of tiie stem rides upward along tiie angled 
upper surface 71 of tiie slide 72. This motion pulls 
the spod 50 upward so tiiat the volume 54 opposes 
passageway 90. At the end of tiie depression of tiie 
slide the latch 66 snaps into a clamp notoh 75 at tiie 
end of the angled surface 71. and tiie gas flowing to 
tiie stapler head ttirough passageway 90 has 
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clamped tissue In the stapler head for stapling. The 
spool 60 and slide 72 are then located as shown In 
FIGURE 4& 

WKh the tissue damped in the stapler head and 
the spool located as shown in FIGURE 4a, the 
staples cannot as yet be Implanted into the tissue by 
reason of the trigger safety mechanism. This Is 
because the projeclion 86 of the trigger 84 Is 
opposing the side of the cam extension 68. In order 
to fire the staples In the stapler head, the trigger 
safety 76 must be manually pushed upward In safety 
guide slot 80. This motion lifts the spool 50 slightly 
so that the extension cam 68 Is bi the firing position, 
shown in RGURE 4b. The trigger safety and spool 
will not remain In this position, however, because the 
trigger safety and spool will spring back downward if 
the trigger safety is released without being bcked. 

. Release of the trigger safety without bcidng allows 
the slide 72 to spring outwardwhen the slide latch 66 
is lifted above the clamp notch 7& The spool win 
then spring downward under the force of spring 69. 
and wm push the trigger safety down as the cam 
extension 68 pushes against the trigger safety 7& 
This win release the clamped tissue in the stapler 
head as the pressurized* gas Irt the clamping 
mechanism is released through passageway 90 into 
the spool chamber 56. The damping and stapling 
process may then be begun anew. 

. . However, if the user Is satisfied with the cfamplng 
of the tissue In the stapler head, the staples may be 
Implanted by sliding the trigger safety 76 upward and 

^pivoting the safety Into the slot extension 82. as 
'shown In FIGURE 4b. When this Is done, the slide 72 
is released from the slide latch 66, allowing the slide 
to spring outward, and the projection 86 of the 

? trigger 84 opposes the Junction of the trigger safety 
' 76 and the cam extension 68. The volume 54 around 

. ..the spool continues to pressurize the clamping 
mechanism, holding the tissue securely clamped in 
the stapler head. 

When the trigger 84 is now depressed, the upper 
surface of the trigger projection 86 will contact the 
cammed bottom of the cam extension 68, causing 
the spool to move upward, as shown In FIGURE 4c. 
As soon as tttis movement causes the volume 54 to 
oppose passageway 92, pressurized gas flows 
through this passageway to the staple implanting 
mechanism in the stapler head. Staples are thereby 
implanted in the clamped tissue. 

As the trigger 84 Is depressed, the surface 88 of 
the trigger below the projection 86 contacts the 
trigger safety 76 and pivots the safety out of the slot 
extension 82 and back to alignment with the guide 
slot 80 as shown in FIGURE 4c. The trigger 84 Is 
ispring-toaded so that when It Is released It returns to 
its undepressed position. TNs enables the spool 60 
to move back down under the force of Its spring 69. 
As It does so, the cam extension 68 returns the 
trigger safety 76 to Its initlai downward position. As 
the spool moves down, passageway 92 and then 
passageway 90 are vented Into the spool chamber 
56 above the spool. Since this space is vented to 
atmospheric pressure, the gas pressure in the two 
passageways Is released. This venting of gas 
pressure releases the stapling and clamping mech- 



anisms from the tissue. When the spool has reached 
the bottom of the chamber 66 the locking tabs 84 of 
the stem are again positioned beneath the nan^cwed 
end of the slkle 72 to lock the spool In its original 

5 position, shown in FIGURE 2. Volume 54 Is repress- 
urized with gas from the regulator 30. and the stapler 
is ready for the next stapling procedure. 

Refening to FIGURES 5 and 6. a second embodi- 
ment of a surgical stapler constructed In accordance 

10 with the principles of the present Invention Is shown. 
In this embodiment the gas cylinder 14 is inserted 
into the handle 120 of the steipler. An Oring 122 
provides a seal around tiie neck of the cylinder 14 
and a coil spring 124 Is looated just below the neck 

IS of the cylinder. The coO spring 1 24 urges the cylbider 
away from ttie plerc^g blade 132 prior to tightening 
of the cap 16. The spring 124 thus prevents puncture 
of the cylinder by the blade 132 during shipping and 
harKinng of the stapler. The cap 16 Is not tightened 

20 until it is desired to use the stapler, at which time the 
tightening of the cap punctures the cylinder, releas- 
ing high pressure gas into the pressure, regulator 

130. * r 

Referring concunentiy to FIGURE 8, the regulator 

25 includes an outer cylindrical housing 134 and a 
movable plunger 136. A spring 138 Is tocated 
between the plunger 136 and a piston 140. An O-ring 
142 provides a seal around ttte piston 140. A pin 144 
Is located to extend from a lower passageway 146 of 

30 the regulator housing with the head 148 of the pin 
seated at the top of the passageway. A low force 
spring 150 (e.g., with a force of one pound or less) is 
located In the passageway 146 between the blade 
132 and the head of the pin to hold the pin up in the 

35 passageway. Ttte upper end of the pin 144 is 
bevelled to a narrow diameter tip with the bevel of 
the pin being positioned on a seat 1^ formed in a 
passageway 154 extending through the pistoa 
The regulator housing has two outwardly ^tend- 

40 ing flanges 166 and 158 which fit into mating 
openings In the sunounding Internal wails of the 
handle 120. The interior of the regulator housing Is 
divided into four spaces, generally demarcated by 
the flange positions. The lower space 145 below the 

45 position of flange 156 engages and surrounds the 
pierced end of tfie gas cylinder 14^ The piercing 
blade 132 is force fit Into the top of this space 145« 
The space above the lower flange 156 contains high 
pressure gas and comprises the passageway 146. 

SO occupied by the spring 150 and the head 148 of the 
pin 144. Above the seated head of the pin is a larger 
diameter space 147 which engages the lower portion 
of the regulator piston. Gas at the desired regulated 
pressure is contained within this space 147. Above 

SS the upper flange 158 Is a cylindrical space 149 
containing the upper portion of the piston, the spring 
138, and the plunger 196. This space 149 Is at 
anient pressure, and is vented through a passage- 
way 164 of the plunger 136. 

60 The pressure regulator 130 is described in further 
detail in concurrently filed European patent applica- 
tion No. (ETH-742)» entitled 'SURGICAL STA- 
PLER PRESSURE REGULATOR.' 
Located between the upper prongs 137 of the 

65 plunger 136 Is a roller 166 which is mounted on a 
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shaft 168. The cylinder roUs against the surface of an 
opposing cam 170, wWch rotates on a pivot shaft 
174. The surface of the cam which engages th e roOer 
166 contitfns shallow depressions to provide detents 
for the roller. A double J-hook 176 Is pivotally 
mounted to the cam 170 by a pivot pin 178. The right 
J-hodc Is visible In RGURE 5. with the left Mock 
mounted In parallel and behind the right J4iook In 
this view. The lonArard-most end 179 of the J-hook is 
connected to the handle by a heavy spring 180. 

The cam 170 Is pivotally connected to an H-llnk 
182 by a pivot pin 184. The H-imk Is also pivotally 
connected to an extension of a slide button 188 by a 
second pivot pin 186. A trigger safety slide 190 Is 
sHdeably mounted behind the slide button and 
contains an opening 191 which Is engaged by a 
pointed extension 189 of the slide button 188. The 
angled, tonward-most end of the trigger safety sDde 
opposes the top of a leaf spring 192. The tower end 
196 of the leaf spring Is affbced to the handle 120. and 
an opening 194 at the top of the leaif spring engages 
the rear extension 202 of a trigger 200. 

The trigger 200 Is sikleabty mounted and extends 
from the front of the hand-grip of the handle. The 
trigger Is spring^oaded by a spring 204 to return to 
Its outward posltton after firing and unlocking, as 
explained below. The trigger Includes a rearward 
extension 202 which Is notched at the end. The 
reanward extension of the trigger passes between 
the two upward extending skies of the plunger and 
the notched end of the extensfon engages the 
opening 194 of the leaf spring 192. Extending 
reanwafd from the finger grip of the trigger 200 is a 
shaft 206, whk5h forms a part of a pneumatic valve 
210. The shaft 206 Is surrounded by two O-rings 212 
and 214 and slides within a housing 208 of the 
pneumatic valw© 210. The end of the shaft 206 
engages the trigger relum spring 204 as the shaft 
slides witl^n the pnemrnatic valve housing 208. The 
housing 208 Is open to atmospheric pressure at the 
reanfvard end to vent gas from the stapling mechan- 
ism. TWO fittings 216 and 218 are connected to ports 
216 and 217 for the passage of gas through the 
pneumatic valve. A trigger locking button 220 Is 
located above and partially fbnward of the trigger. 
The locking button Is slldeably mounted In an 
opening 222 of the handle and is urged downward by 
a leaf spring 224. 

Also located In the handle 120 Is a check valve 
230. Refening concurrently to FIGURE 7, the check 
valve 230 has two fittings 232 and 234. ti^e fonner 
connected to tiie outiet fitting 162 of the pressure 
regulator by tubing 249 and the latter being 
connected to the clamping mechanism In the stapler 
head by tubing (not shown). The fittings 232 and 234 
are connected to ports 233 and 236 which lead to an 
interior chamber 236 of the check vaTve. Located 
wfthin the chamber 236 Is a cylinder 240 wltti a 
central passageway 243 that is nanrowed In diameter 
to provide a valve seat for a baH 238. A spring 244 
urges the ball upward In the cylinder passageway. 
An outer spring 242 sun-ounds tine cylinder and 
presses downward against a flange at the base of 
the cylinder. At the bottom of ttie chamber 236 is a 
port 246 leading to a fitting 248. The fitting 248 Is 



connected by tubing (not shown) to the Inlet fitlfrig 
218 of the pneumatic valve 210 of tiie trigger 200. 

The check valve 230 Is described In further detail 
in concunentiy filed European application No. 
5 (ErH-742), entitied 'SURQICAL STAPLER PRESS- 
URE REGULATOR.' 

In oper^n the gas cylinder 14 Is located Inside 
the handle and the cap 16 Is tightened to force tiie 
cylinder upward, r^erdng the top of ttie cylinder and 
10 releasfrig pressure gas into tiie pressure 
regulator. The presence of tiie pressurized gas may 
be indicated by an incficator such as indicator 2a 
shown In FIGUR E 3. At tills time the gas pressure at 
the regulator outlet fitting 162 remains at almost 
15 pheric pressure. 

The tissue to be stapled Is now located between 
the operating members of the stapling mechanism 
for clamping. To damp ttie tissue, the user slides the 
slkte button 1 88 upward along tiie rear of tiie stapler 
20 handle, as Indicated by am>w 250. The upward 
motion of tiie sBde button Bfts ttte connected H-link 
182, tiiw^eby pivoting tiie cam 170 as Indicated by 
arrow 252. As tiie cam rotates it presses the plunger 
136 of the regulator 130 downward, increasing the 
25 force of the spring 138 against tiie piston 140 and 
driving the piston downward. As tiie piston moves 
down. It^eals tiie top of the pin 144 on tiie seat 162 
and prases the pin down, tiiereby unseating of the 
head 148 of ttte pin and releasing high pressure gas 
30 Into tiie central space 147. The pressurtzation of this 
space presses upward against the piston to reseat 
tiie head of tiie pin and tiie pressure eqMalbes 
ttiroughout tiie space 147. As tiie cam continues to 
rotate tiie pressurtzation of space 147 continues as 
35 tiie regulated pressure In the space builds. This 
regulated pressurized gas passes through tiie port 
160 and outiet fitting 162. and ttirough tiie tubing 249 
to tiie Inlet fitting 232 of the check valve 230. The gas 
then passes through tiie Interior chamber 236 of tiie 
40 check valve and out tiie fitting 234 to tiie clamping 
mechanism In tiie stapler head. Thus, tiie clamping 
fOioe is gradually Increased as the sBde button 

moves upward. ^ ^ 

It may be appreciated tiiat tiie sliding of tiie sUde 

4$ button 188 Is opposed by tiie pressures and forces 
e)dst^ and devek>ped in tiie regulator whtoh tend 
to oppose tiie rotation of the cam and tiie downward 
motion of tiie plunger. The purpose of the J-hook 
176 and Its heavy spring 180 Is to assist in 

50 neutralizing ttiese opposing forces. It may be seen 
tiiat initially tiie pWoX pin 1 78 of tiie J-hook Is below a 
line drawn between ttie cam shaft 174 and the handle 
anchor point of tiie spring 180. The Initial motion of 
tiie sikle button will rotate tiie tocation of tiie pivot 

55 pin above tiiis line, however, whereafter tiie moment 
ami exerted by tiie spring and J-hook at tiie pivot pin 
178 will provide a torque In the direction of tiie anow 
25^ Thus, shortiy after the slWe button begins Its 
upward travel tiie torque supplied by tiie J-hook will 

60 steadOybrarease at the same time as tiie expansive 
forces in tiie regutelor Increasingly oppose ttHs 

travel. ^ ^ 

The gas tiiat presairizes the Interior chamber of 
tiie check valve also enters tiie cylinder 240 in tt» 
65 Check valve ttirough tiie central passageway 243 of 
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the check valve. The gas flows around the check 
valve ball 238 and out through the port 246 and the 
outlet fitting 248 to the Inlet fitting 218 of the 
pneumatio trigger valve 210. Thus, pressurized gas 
Is now present In the trigger valve 210 for the 
subsequent stapling operatton. 

If the operator finds that the clamping procedure 
Is not to his liking, the tissue may be readily 
undamped by sliding the slide button 188 down 
again. This action reverses the rotation of the cam 
170, allowing the plunger 136 and the piston 140 to 
move upward under the pressure of the gas In the 
space 147. Pressurized gas bleeds out through the 
passageway 154 of the piston as the bevelled tip of 
the pin 144 periodically unseats from the seat 152. 
Eventually the head of the pin will seat to prevent the 
entry of Ngh pressure gas Mo the space 147 and 
the upper t4;> of the pin wm unseat at 15% thereby 
venting the remaining pressurized gas in ^ace 147 
through the passageway 154 of the piston and the 
plunger passageway. Thus, the clamping force Is 
removed from the clamping mechanism by this 
venting of gas through the regubtor 130. - 

Once the user has clamped the tissue to be 
stapled to his lil<Ing. the trigger must be depressed 
to staple the tissue. However, an Interlock mechan- 
Ism must be activated before the trigger <^ be 
depressed. It may be seen In RQURE 5 that the 
trigger cannot be d^ressed due to the engagement 
of the notched end of the trigger extension 202 with 
the leaf spring 102. In addltton, stapling must not 
take pteM until the pneumatio tigger valve is fuBy 
pre^urtzad to the proper stapling pressure 

The regulator components Including the sprbig 
138 and the cam are arranged so that a proper 
stapling pressure of 260-300 pjsJL fa not attained 
until th^ sRde buttori 1 88 has been moved flilly to the 
topiof :the rear of the handle. Only when the slkle 
buttori Is so postttoned will the slide button dear an 
underiying aperture in the handle through which-the 
trigger safety slide 190 may be accessed. The 
accessible safety slide 190 is depressed, and its 
leading angled edge presses against the upper end 
of the leaf spring 192. thereby pressing the leaf 
spring downward. "The downward movement of the 
leaf spring releases the lower edge of the leaf spring 
192 from the notch In the trigger extension 202, and 
the trigger extenislon may now move rearward 
through the opening 194 when the trigger is 
depressed. 

Before the trigger Is depressed, pressurized gas 
at the stapling pressure of 260-300 p.s.l. is tocated In 
the space around the shaft 206 of the trigger valve, 
between the 0-rings 212 and 214. When tfie trigger 
Is depressed the shaft 206 moves rearward so that 
this space overiles the Inlet port 217 and the outlet 
port 215, thereby altowing gas to flow between the 
two ports. This pressurized gas at the desired 
stapling pressure passes out through the fitting 216 
to the stapling mechanism In the stapler head, 
thereby implanting the staples In the clamped tissue. 

When the trigger 200 is depressed the trigger 
clears the trigger locking button 220 v/hich is located 
above the leading upper edge of the trigger. As the 
trigger clears the locking button the button snaps 



downward from the opening 222 under the force of 
the leaf spring 224, thereby locking the trigger in its 
actuated position. The appearance of the locking 
button, which is preferably distinctly colored, also 

5 visually infonnd the user that the stapler haar been 
fired and cannot be used again until It has been 
property reset and reloaded with stapTea press- 
urized gas at the stapling pressure Is al tills time 
maintained In both the clamping and stapling 

10 mechanisms in the stapler head. At this poin^ the 
components tn ttie handle are oriented as shown in 
FIGURE 6. 

After the stapling procedure is complete it Is 
necessary to release the stapling head from the 

15 clamped tissue. To do so, the handle meohanlsms 
must be reset These medianisms Interact so as to 
insure that the instrument is fully reset and cannot 
be used again until the instrument has been fully 
readied f6r anotiier stapling procedure. 

20 The first step in releasing tiie clamped tissue is to 
slide the sRde button 188 down to Its ir^ial position. 
This vents the ga;, In the dainplng mechanlam back 
through the interior ehamtier 238 of the cheek valve, 
through ttie tubing 249. and tiirough the passage- 

25 ways 154 and 164 In the regulator cylinder and 
plunger. This venting of gas pressure releases thB 
stapler from ttte stapled tissue. As tSttd slkle button 
188 retunis to Its Initial position, tiie pointed 
extension 189 of the slide button engages the 

30 opening 191 of the trigger safety slide, thereby 
moving ttie safety slide rearward to its initial position. 
The leaf spring 194 springs upward so that reexten- 
slon of the bigger wia again cause the leaf spring to 
block Inadvertent actuation of the trigger; 

35 At this point a user may set the stapling 
instrument aside, ihadvertentiy falllrig to reset tiie 
trigger mechanism. To guard against this possibility, 
the check valve 230 acts to maintain a low pressure 
at tiie stapling mechanism, on tiie order of 50 p^J.» 

40 after the clamping pressure has been released and 
before the trigger Is reset This low pressure wHl act 
to keep the staple driver in tiie stapling mechanism 
extended into the spent staple cartridge. With the 
staple driver so extended. It Is not possible to 

45 remove tiie spent staple cartridge trom ttie stapler 
head. 

To reset tiie trigger, the trigger locking button 220 
must be pressed upward into the opening 222 in tiie 
handle. This wilt allow tiie trigger 200 tp spring 

50 forward under the force of the spring 204. The shaft 
206 of the pneumatic valve will tiien return to its 
Initial position, and gas pressure in the stapling 
mechar^m will be vented through the fitting 216, 
port 215. and ttie rear of tiie valve housing 208 

55 behind tiie shaft 206. The release of gas pressuro 
allows the staple driver to retract from the staple 
cartridge so that the cartridge may be removed from 
the stapler heiad. The rearward extension 202 of the 
reset trigger will be locked by the leaf spring 192 and 

eo tiie trigger locking button will be supported tn Its 
retracted position In the opening 222 above the 
trigger. The stapling instniment is thus fully reset 
and ready to be reloaded with a new staple cartridge 
In preparation for tiie next stapling procedure. 

65 
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Claims 

1. A surgical stapling instrument Including a 5 
stapler head having a clamping mechanism and 

a stapling mechanism, a handle Including 
means for actuating said stapling mechanism, 
and means Interconnecting said handle and 
said stapler head comprising: 10 
a source of pressurized gas located in said 
handle; 

means, coupled to said gas source, for develo- 
ping pressure regulated gas; 
means, coupled to said means for developing IS 
pressure regulated gas and to said damping 
mechanism, including a manual control for 
variably controlling the pressure of gas supplied 
b said clamping mechanism; 
means, coiq^led to said actuating means, for so 
preventing the operation of said actuation 
means pilor to the development of a stapling 
gas pressure for said stapOng mechanism; and 
manually resettable means for inhlbHing suc- 
cessive operation of said actuating means prior 25 
to resetting. 

2. The surgical stapling Instrument of Claim 1, 
wherein said actuating means comprises a 
trigger located on said handle, and wherein said 
inhil)iting means comprises a first trigger lock 30 
for locking said trigger In Its actuated ppsltfon- 

3. The surgteal stapfing Instmmenl of Claim 1 
or Oalm 2, wherein said preventing means 
comprises a second trigger took whteh locks 

said trigger In its unaduated position prior to 35 
the development of a stapling pressure. 

4. The surgk^al stapling Instrument of Oaim 3, 
wherein said pressure regulated gas devefoping 
means devefops pressure regulated gas for 

sakl stapling mechar^. and wherein saki 40 
second trigger lode is Inoperable for unlocking 
said trigger prtor to tiie development of a 
stapling gas pressure. 

5. The surgical stapling instrument of Claim 4. 
wherein sakl second trigger took extends from 45 
said handle when locking said trigger. 

6. The surgical stapling Instrument of Claim 1 
or Claim 2. wherein saki preventing means 
comprises a k>ck which locks said actuating 
means in its unactuated position prior to the SO 
development of a stapling gas pressure, said 

took being Inoperable to unlock said actuating 
means prior to said manual control being set fo 
develop a stapling gas pressure. 

7. The surgteal stapUng instnjment of aalm 6, SS 
wherein said manual control Is movable over a 
range of settings fo develop gas at pressures 
induding said stapling gas pressure. 

8. The surgical stapling instalment of Qalm 7, 
wherein said manual control Impedes access to 60 
said lock prior to tiie setting of sakl manual 
control to devefop gas at said stapling gas 
pressure. 

9. The surgical stapling instrument of Claim 8. 
wherein said manual contrd obscures said lock 65 



prior to tiie setting of said manual contrd to 
develop gas at said stapling gas pressure. 

10. A surgical stapling instrument induding a 
stapler head having a clamping mechanism and 
a stapling mechanism, a handle Induding 
means for actuating said stapling mechanism, 
and means Interconnecting said handle and 
sakl stapler head comprising: 

mean, coupled to sakl actuating means, for 
devetoping pressurized gas suitable for actua- 
tion of sakl stapling mechanism; and 
means for releasing pressurized gas fkrom saW 
stapling mechStfUsrn, induding means for main- 
taining at least a residual gas pressure at sakl 
stapling mechanism prior to manual resetting of 
said actuating means. 

11. The surgical stapling Instrument of Claim 

10 wherein said actuating means comprises a 
trigger and wherein said means for maintdning 
indudes a dieck valve. 

12. The surgical stapling instiximentDf Claim 

11 wherein said trigger Is coupled to said check 
vdve. and Indudes a pneumatic valve for 
controllably supplying pressurized gas to said 
slapBng mechariism upon actuatkm of said 
trigger. 

ia A surgteal stapling instrument Induding a 
stapler head havkig a damping mechanism and 
a stapHng mechanism, a handle Indudbig 
means for actuating said stapling mechariism, 
and means Interconnecting saki handle and 
sakl stapler head comprising: 
mean, located in said handle, for supplying 
pressurized gas; 

means, coupled to said pressurized gas sup- 
plying means, and operable in a first mode fbr 
supplying gas to said clamping mechanism and 
in a second mode for supplying gas to said 
stapling mechanism; 

a manually actuated contrd, coupled to first and 
second mode gas supplying means, for con- 
trolling sakl first and second mode gas sup- 
plying means to supply gas to said damping 
medianism; and 

a trigger, tecaSed in said handle and coupled to 
said first arid second mode gas supplying 
means for controlling said first and second 
mode gas supplying means to supply gas to 
said stapling mechanism. 
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